Chromosome configurations were analysed at metaphase I in six plants of each of the two inverse autoallotriploid types of Lolium temulentum x L. multiflorum with the genome combinations TTM and TMM. In the combination with two large genomes and one small (TTM), there was no preferential pairing but with two small genomes and one large (TMM) there was preferential pairing. The findings are discussed in relation to the differences in DNA amounts of the two species and the associated differences in meiotic times of larger and smaller genomes. The results question the value of pairing data in triploids for the assessment of the relatedness of diploid species.
Introduction
Differences in DNA amounts among Festuca species have profound effects on chromosome pairing in the diploid hybrids based on analyses at metaphase I (Morgan et al., 1986) . Although Lolium temulentum has 50 per cent more DNA than L. multifiorum (Hutchinson et aL, 1979) , the chromosomes pair as seven bivalents in the diploid hybrid, and in some cases show little, if any, preferential pairing in the autoallotriploid with two sets of L. temulentum chromosomes and one of L. multifiorurn (Evans & Aung, 1985) . Analysesofchromosomeconfigurationsatmetaphase I are considered valid in studying the phylogenetic relationships of parental species in interspecific hybrids. The fundamental assumption of such analyses is that homologous or closely related chromosomes will be held together by chiasmata at metaphase I and the frequency of such associations is taken as a measure of the degree of homology between the chromosomes and hence the relatedness of the species.
Diploid L. ternukntum and L. multiflorurn of the same accessions as used in the present study have seven ring bivalents at metaphase I and the auto-*Correspondence triploids have mean trivalent frequencies of between 5.70 and 6.22 per cell (Thomas, 1994) . A comparison of trivalent numbers recorded at pachytene and metaphase I in aneuploid autotriploid L. multiflorum shows that 88 per cent of trivalents are maintained. This is consistent with that expected from the number of pairing partner exchanges at pachytene and chiasmata at metaphase I, that is, there is no elimination of multivalents in this accession of L. multiforum (Thomas & Thomas, 1994) .
To examine the nature of the effect of quantitative DNA differences on chromosome pairing in Loliurn, metaphase I configurations were analysed in the two inverse autoallotriploids between L. multiforum (M) and L. temulentum (T), that is, with the genomic constitutions, TTM and TMM.
Materials and methods
The two diploid accessions used were L. multiflorum ssp. westerwoldicurn Bb2074 and L. temulentum Ba3081. Diploid and synthetic autotetraploid cytotypes of these accessions were used to produce the autoallotriploids. Diploid or tetraploid L. temulenturn was emasculated and pollinated by the contrasting cytotype of L. multiflorurn. Immature embryos were removed 18 days after pollination and cultured on a modified Gamborg B5 medium (Gamborg et 446 al., 1968) with 3 per cent sucrose but without 2,4D and kinetin.
For meiotic analyses at metaphase I, infiorescences were fixed in 6:3:1 Carnoy's solution and anthers squashed in 1 per cent aceto-carmine with gentle heating. Some anthers were stained in alcoholic hydrochloric acid carmine (Snow, 1963) and squashed in 45 per cent acetic acid.
Results
The parameters of paired chromosomes at metaphase I were recorded in 18-20 PMCs in each of six plants from the two types of autoallotriploid and the means are presented in Table 1 . A joint regression analysis shows that the effect of chiasmata on trivalent frequency is highly significant in both TTM and TMM types (P<0.001). A parallel curve analysis shows that the constants (intercepts) are highly significantly different (P<0.001) and the effect of chiasmata is significantly different (P <0.05), that is, the slopes are different. It follows that trisomes with the same number of chiasmata are less likely to be associated as trivalents in TMM than TIM autoallotriploids. This was confirmed by a series of analyses of variance of trivalents per cell in cells with the same chiasma number in the two types of autoallotriploid (Table 2 ).
An analysis of variance of trivalents with chiasmata as covariate shows that both the covariate and type (TIM and TMM) have highly significant effects on trivalent numbers (Table 3) . When the effect of chiasmata is removed, there is still more than twice the number of trivalents per cell in TIM than TMM (Table 1) .
With the large difference in the number of trivalents between TIM and TMM, there is a commensurate and inverse difference in bivalents and univalents. However, it is not only the total number of bivalents that is different between types. The ratio of rods to rings in TIM is 1:4.7 but in TMM it is 1:40.3. A contingency x2 on the totals confirmed the difference to be highly significant (x = 63.27; P <0.001).
In most cells of TMM plants, the difference in size of the chromosomes was obvious, though this did seem more pronounced in some plants than others. The bivalents were between the smaller chromosomes, that is, homologous pairs of L. multiforum chromosomes. No heteromorphic bivalents were recorded. One rod bivalent in TMM plant 4 was between two chromosomes of L. temulentum and three examples were found in other TMM plants of rod associations between L. temulentum chromosomes that were judged to be achiasmate. Although the difference in the size of the chromosomes of the two species appeared less marked in the TTM combination, bivalents between homoeologous chromosomes probably would have been detected, but none was found. TabLe 1 Plant means of chromosome configurations at metaphase I in two inverse types of autoallotriploid Lolium: Comparisons of the autoaiotriploids and autotrip/olds of L. multiflorum and L. temuientum
The mean number of chiasmata and trivalents for autotriploid L. multiflorum and L. temulentum (Thomas, 1994) and the two autoallotriploids are presented for comparison in Table 4a . In each case, the means for the autoallotriploids are lower than those for the autotriploids (P <0.001). Covariate analyses of variance showed the differences for trivalents to be at least partly dependent on chiasma frequency (Table 4b ). These analyses show that the TMM autoallotriploids have significantly fewer trivalents than either autotriploid type in addition to the chiasma effect, but the TT'M autoallotriploids do not differ from the autotriploids in this respect. That is, in the TTM autoallotriploids, there is no evidence of preferential pairing between the chromosomes of L. temulentum but there is preferential pairing between the L. multiflorum chromosomes in the TMM autoallotriploids.
The data were analysed by the method of Alonso & Kimber (1981) ( Table 5) To test if chiasma frequency affects the distribution of trivalents, the populations of cells from both the TTM and TMM types were divided into low chiasmata and high chiasmata groups for separate analysis. The PMCs of the TFM autoallotriploids were divided into groups with 13-18 chiasmata per cell in the low chiasmata group and PMCs with 19-24 chiasmata in the high group. This division gave groups of 53 and 63 cells, respectively. The distribution of trivalents in both TFM groups fitted the positive binomial distribution, with low x2 values (low chiasmata group = 1.44; NS; high chiasmata group = 0.82; NS). The TMM autoallotriploid PMCs were divided into groups with 12-17 chiasmata and 18-22 chiasmata with 66 and 54 PMCs per group, respectively. The low chiasmata group fitted the positive binomial with a low x2 value (x =0.04; NS). The high chiasmata group also did not differ significantly from the positive binomial but had a much larger 2 value (x = 7.43; NS).
The size of the populations when PMCs are divided into high and low chiasmata types may be insufficient to test their distributions. The results do show, however, a very good fit to the positive binomial in both the TTM populations and also in the low chiasmata TMM. The larger x2 in the high chiasma TMM PMCs, though not significant, indicates that it is in this category of PMCs that the nonuniform distribution of trivalents arises. Some trisomes in TMM may be more likely to form trivalents than others at prophase I but when the chiasma numbers are low, few of the trivalents are retained to metaphase I and the distribution does 
Discussion
The most striking feature of the analysis of metaphase I of the autoallotriploids is the very large difference in trivalent frequencies between the two inverse types. This is partly explained by differences in chiasma numbers, but the greater part of the difference remains unexplained. The comparisons of each autoallotriploid type with the autotriploids reveals that when the effect of chiasmata is excluded, the TT'M autoallotriploids have the same capacity to form trivalents as the autotriploids. This means that there is no preferential pairing in the TTM combination. However, in the TMM autoallotriploids there is a strong indication of preferential pairing between the L. multiflorum chromosomes, excluding the L. temulentum chromosomes from most chiasmate associations. Evans & Aung (1985) identified a genotype of L. multifiorum which partly suppressed pairing between L. multiflorum and L. temulentum chromosomes and it was found to carry 'diploidizing genes'. However, this diploidizing genotype was isolated by analysing 1183 diploid hybrid plants from 30 L. multiflorum *Obs = Observed data from Thomas (1994) and Table 1 . Caic Calculated from x according to . c = mean arm-pairing frequency; x = relative affinity; SSD = sum of squares of differences between observed and calculated.
families. Clearly, such a genotype must be rare. It is extremely unlikely therefore that the six TMM plants analysed here all carried 'diploidizing genes' and some other explanation must be sought for the reduced trivalent frequency in TMM. In the TTM autoallotriploids there are two large genomes and one small: in the TMM autoallotriploids, there are two small genomes and one large. Could two small genomes in the presence of one large genome exert preferential pairing whereas two large genomes with one small genome fail to do so?
The occurrence of trivalents at metaphase I requires at least one pairing partner exchange (PPE) and at least two appropriately placed chiasmata. The difference in trivalent numbers between types is greater than that explained by different chiasma frequencies. It must therefore result from changed chiasma location or a reduction of PPEs or a change in PPE position.
A prophase I configuration with a single PPE in a median position and one chiasma would result in a rod bivalent and univalent, and with one or more
The Synapsis is thought to begin in telomeric regions even in species with multiple pairing initiation sites (e.g. Hasenkampf, 1984) . In TMM autoallotriploids, if the smaller chromosomes start pairing before the single large chromosome is ready to pair, then the telomeric regions of the pair of L. multiflorum chromosomes will be synapsed homologously. The final configuration at pachytene will be either a bivalent and univalent or a trivalent with a pair of approximately median PPEs with both of the distal SCs between homologous chromosomes. Only when a chiasma is formed in the homoeologous SC region will a trivalent be maintained to metaphase I. In TTM, if again the smaller chromosome is ready to synapse before the larger pair, then when the larger pair of chromosomes is ready to synapse, the smaller chromosome will be able to compete for all pairing initiation sites, including those near the telomere. In this case each chromosome has the same likelihood of synapsis in the subtelomeric regions, as was seen in the SC analysis of autotriploid L. inultifiorum (Thomas & Thomas, 1994) . Seal & Rees (1982) and Seal (1983) examined the distribution of quantitative DNA changes in Lolium and Festuca diploid species. They found that an increase in DNA amount was achieved by similar amounts of DNA added to each chromosome. consequently, in hybrids between species that differ in nuclear DNA amount, smaller homoeologues are structurally more dissimilar than the larger homoeologues. In a Festuca hybrid, smaller homoeologous pairs were found to be more likely to form abnormalities at pachytene than the larger pairs and less likely to form chiasmata.
In the TTM and TMM autoallotriploids studied here there is, based on the findings of Seal & Rees The Genetical Society of Great Britain, Heredity, 75, 446-452.
(1982), a greater disparity in chromosome size in the smaller trisomes than the larger trisomes. Examination of the cell to cell variation of trivalent numbers in the TTM autoallotriploids shows that all trisomes have the same probability of forming a trivalent as shown by the positive binomial distribution. In the TMM autoallotriploids the trivalent distribution fits a negative binomial indicating aggregation, that is, some trisomes are more likely to form trivalents than others. Based on the findings of Seal & Rees (1982) , Seal (1983) and Jenkins & Rees (1983) it is tempting to speculate that it is in the smaller tnsomes of TMM that the L. multiflorum pairs express the strongest preferential pairing.
The differences found between the two inverse types of autoallotriploid in this study have serious implications for the use of pairing data of synthetic polyploids in determining the phylogenetic relationships of the diploid species. It has been argued that the analysis of paired chromosomes at metaphase I in diploid hybrids is not a reliable measure of the relatedness of the genomes because chromosomes will pair with structurally diverse partners in the absence of a homologous partner -so called enforced pairing (Jauhar, 1988) . In triploid hybrids between diploids and synthetic autotetraploids it is argued that chromosomes have a 'choice' of pairing
partners. An analysis of data giving a 2:1 type (Kimber & Yen, 1990 ) is taken to show a distant relationship between the diploid species whereas a 3:0 result demonstrates a close relationship between the species. Kimber & Yen (1990) have devised 'numerical estimates of phylogenetic relationships' on the genome affinity calculated from metaphase I pairing data of autoallotriploids from autotetraploids x diploids.
The mathematical analysis of the present data highlights the discrepancies between the TTM and TMM autoallotriploids. TTM is comparable with the autotriploids MMM and TTT indicating a very close relationship between the M and T genomes. However, TMM fits the 2:1 model indicating greater differentiation between the genomes. Wang (1992) considers that 'pairing data solely from triploid hybrids cannot be used to determine their basic genome symbols'. The above results support this statement, as quite different conclusions would have been arrived at depending on whether the autoallotriploid analysed had been the TTM or TMM type.
